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Bond energy decomposition analysis (EDA) scheme
Additional insight into the hydrogen bonding mechanism is obtained by employing the so-called bond energy decomposition analysis (EDA) scheme. 12 The EDA uses Kohn-Sham molecular orbitals (KS MOs) to decompose the bond energy into several, chemically meaningful terms. Let us start with the (hydrogen) bond energy DE, which is defined as:
Here, E molecule is the energy of the fully optimized system with C s symmetry, and E fragment1 and E fragment2 are the energies of the fragments optimized in C 1 symmetry, i.e., without any geometrical constraints. The overall bond energy ∆E is made up of two major components: ∆E = ∆E prep + ∆E int (2) In this formula, the preparation energy ∆E prep is the amount of energy required to deform the isolated monomers from their equilibrium structure to the geometry that they have in the interacting system. The interaction energy ∆E int corresponds to the actual energy change when the prepared fragments are combined to form the interacting molecule. The interaction energy can be further decomposed into the electrostatic interaction DV elstat , Pauli repulsion DE Pauli , orbital interactions DE oi and dispersion corrections DE disp :
The term DV elstat is obtained by bringing the fragments from infinity to the positions they have in the interacting system, resulting in an overlap between the unperturbed fragment charge distributions. The accompanied energy change is associated with the electrostatic interaction DV elstat , and is usually attractive for neutral systems at equilibrium distance. Next, the wavefunction that is associated with the overlapping charge densities is antisymmetrized (usually by orthogonalization of the fragment orbitals) and renormalized. The resulting energy change is the Pauli repulsion DE Pauli , which comprises the destabilizing interactions between occupied orbitals and is responsible for any steric repulsion. Subsequently, the wave function 'relaxes' from the antisymmetrized to the final wave function by mixing in the virtual orbitals into the occupied orbitals. The associated orbital interaction DE oi accounts for charge transfer (i.e., donor-acceptor interactions between occupied orbitals on one fragment with unoccupied orbitals on the other fragment, including the HOMO-LUMO interactions) and polarization (empty/occupied orbital mixing on one fragment due to the presence of the other fragment). The orbital interaction energy can be further decomposed into the contributions from each irreducible representation G of the interacting system using the extended transition state (ETS) scheme developed by Ziegler and Rauk: [13] [14] [15] 
Our approach differs in this respect from the Morokuma scheme 16,17 which instead attempts a decomposition of the orbital interactions into polarization and charge transfer. In systems with a clear s/p separation, the symmetry partitioning in our approach proves to be most informative. The EDA scheme has been successfully applied on resonance-assistance and cooperativity in hydrogen bonds, and accurately reproduces high-level CCSD(T)/CBS benchmark values. 6, [18] [19] [20] Furthermore, this EDA gives comparable trends to other decomposition schemes such as SAPT. 22, 23 For more information on the EDA scheme we refer to the in-depth review by Bickelhaupt Figure S2 ). Only their new hydrogen atom is reoptimized. As can be seen in Table S1 , the effect of the p virtual orbitals is identical as in the EE-MA and EE-3-OH structures. This confirms our conclusions that there is no synergistic interplay between the s and p electron systems. 
